In this study we aimed at evaluating the effect of the major polar constituents of the medicinal plant Lychnophora ericoides on the production of inflammatory mediators produced by LPS-stimulated U-937 cells. The 6,8-di-C-β-glucosylapigenin (vicenin-2) presented no effect on tumor necrosis factor (TNF)-α production, but inhibited, in a dose-dependent manner, the production of prostaglandin (PG) E 2 without altering the expression of cyclooxygenase (COX) -2 protein. 3,5-Dicaffeoylquinic acid and 4,5-dicaffeoylquinic acid, at lower concentrations, had small but significant effects on reducing PGE 2 levels; at higher doses these compounds stimulated PGE 2 and also TNF-α production by the cells. All the caffeoylquinic acid derivatives, in a dosedependent fashion, were able to inhibit monocyte chemoattractant protein-3 synthesis/release, with 4,5-DCQ being the most potent at the highest tested concentration. These results add important information on the effects of plant natural polyphenols, namely vicenin-2 and caffeoylquinic acid derivatives, on the production of inflammatory mediators by cultured cells.
Among the Lychnophora species, L. ericoides Mart (Asteraceae) is the most widely used in folk medicine as an analgesic and anti-inflammatory agent. Its intact leaves, root powder and hydroalcoholic extracts have been commercially available as phytotherapeutic products [1] . Along with several medicinal plants, these species, also commonly known as "arnicas", have been used in traditional medicine for a long time for the treatment of inflammatory diseases and also for flavoring beverages, but with significant regional variation [2, 3] . Alcoholic and hydroalcoholic preparations of L. ericoides have been widely employed in traditional medicine to treat wounds, pain and inflammation [4] [5] [6] [7] . Previous phytochemical studies on L. ericoides have also shown the presence of some lignans, including cubebin and methyl-cubebin. Both compounds are analgesic in the acetic acid-induced mouse writhing test, but are not anti-inflammatory in the carrageenan-induced rat paw edema model [6] .
Continuous investigation of the pharmacological properties of L. ericoides afforded the isolation of two C-glucosylflavones, namely 6,8-di-C-β-glucosylapigenin (vicenin-2; VIC-2) and the previously unknown 6,8-di-C-β-glucosylchrysin. These compounds were described as the major constituents of the aqueous fraction of the leaves and commercial beverages, including red wine [8] . This fraction, as well as the isolated VIC-2, inhibited the formation of carrageenan-induced paw edema in rats, in a dose-dependent manner [9] , showing a clear anti-inflammatory effect. In another study, we evaluated the analgesic properties of the n-butanol (polar) fraction from L. ericoides roots, as well as the major caffeoylquinic acid derivatives isolated from this fraction, namely 3,5-di-O-E-caffeoylquinic acid (3,5-DCQ), 4,5-di-O-E-caffeoylquinic acid (4,5-DCQ) and 3,4,5-tri-O-E-caffeoylquinic acid (3, 4, . Both the fraction and pure di-caffeoylquinic acids showed analgesic activity in the acetic acid-induced mouse writhing test [7] . We showed that 3,5-DCQ and 4,5-DCQ are able to inhibit the contortions at low doses and, as the dose increases, the activity vanished. Together, these data demonstrate that the analgesic and anti-inflammatory properties of L. ericoides could be attributed to the effect of phenolic compounds present in its polar fractions, and this agrees with the traditional mode of preparation.
Among the inflammatory mediators, PGE 2 and TNF-α have crucial roles during autoimmune diseases, infections, pain, edema and fever [10; for review see 11] . Based on the previous knowledge of the biological activity of the phenolic compounds and their occurrence in several food, beverage and traditional medicinal preparations, this study aimed at evaluating the effects of VIC-2, 3,5-DCQ, 4,5-DCQ and 3,4,5-TCQ on the production of PGE 2 , TNF-α and other inflammatory mediators by cultured and stimulated cells.
The different compounds showed different effects on PGE 2 production ( Figure 2 ). In comparison with control (LPS), VIC-2 inhibited, in a dose-dependent manner, the production of PGE 2 in the concentration range of 50 to 400 µg/mL (Figure 2 , panel A). When it came to the caffeoylquinic acid derivatives, lower concentrations of 3,5-DCQ and 4,5-DCQ (5 and 10 µg/mL) produced small but significant inhibition of PGE 2 synthesis. As the concentration increased, the effect was reversed and the compounds stimulated PGE 2 production (Figure 2 , panels B and C, respectively). In addition, 3,4,5-TCQ at any concentration tested was not able to reduce PGE 2 levels in comparison with control ( Figure 2 , panel D). Moreover, at the highest evaluated concentration (50 µg/mL), 3,4,5-TCQ stimulated the production of this prostanoid, a similar behavior also being observed for the higher doses of 3,5-DCQ and 4,5-DCQ. The effect of the compounds on TNF-α production is shown in Figure 3 . VIC-2 presented no inhibitory effect on the production of this mediator (Figure 3 , panel A).
In an opposite way, by increasing the concentrations of 3,5-DCQ, 4,5-DCQ and 3,4,5-TCQ, the TNF-α production was also increased ( Figure 3 , panels B, C and D). Besides evaluating the effect of the polyphenols on the production of PGE 2 and TNF-α, the compounds were tested against the synthesis of 23 inflammatory mediators produced by LPS-stimulated cells. Qualitative analysis showed that VIC-2 at 300 µg/mL (Figure 4 As demonstrated in Figure 2 , VIC-2 is able to inhibit PGE 2 production in a dose-dependent manner. Therefore, we compared the levels of expressed COX-2 protein between LPS-treated and LPS plus VIC-2treated cells. Electrophoretic analysis showed no difference between expressed levels of COX-2 from VIC-2 and LPS. The expression of β-actin was also evaluated, showing no difference between the samples.
We evaluated the ability of VIC-2 in inhibiting COX-1 and COX-2 enzyme activities. In test tubes, different concentrations of VIC-2 were incubated with COX purified enzymes, heme and arachidonic acid (AA, substrate). Control tubes contained all the reagents, but no VIC-2. Figure 6 shows that VIC-2 was not able to inhibit either COX-1 or COX-2 enzymatic activities. In the present study, VIC-2 inhibited, in a dosedependent manner, the production of PGE 2 in the concentration range of 50 to 400 μg/mL. At 200 μg/mL, the compound caused a 55% reduction, when compared with control levels (LPS-treated cells). VIC-2 is a cglucosyl flavone previously shown to be one of the two major compounds in the polar fraction of L. ericoides leaves. We have previously demonstrated that both the polar fraction and VIC-2 present anti-inflammatory activity by inhibiting the edema induced by carrageenan in the rat paw [9] . Among the several mediators involved in the edematogenic response to carrageenan, the PGs are the target for the anti-edematogenic activity for non-steroidal and steroidal anti-inflammatory drugs and certain flavonoids in rats [12] .
Therefore, we decided to examine the effect of VIC-2 on the induction of COX-2 gene expression by LPSstimulated U-937 cells. VIC-2 was not able to reduce COX-2 protein levels when compared with LPS alone, after a 24 h stimulation/treatment period. As the effect of VIC-2 on lowering PGE 2 levels (Figure 2 , panel A) is not related to a direct effect on COX-2 expression, we evaluated the compound in an assay for COX-1 and COX-2 enzymatic activities. The data obtained ( Figure 6 ) show that VIC-2 was not able to inhibit the formation of PGs by the cyclooxygenases.
The biosynthesis of PGs is regulated by three enzymatic reactions, catalyzed in sequence by phospholipase A 2 (PLA 2 ), PG endoperoxide synthase (COX) and finally by specific terminal PGs synthases [13] . The process is initiated by the catalyzed hydrolysis of membrane phospholipids by PLA 2 , leading to the formation of lysophospholipid and AA [14] . Thus COX enzymes convert AA into PGG2, and the process is followed by the cleavage of the peroxide to yield PGH 2 , an endoperoxide. These unstable intermediate products of AA metabolism are then rapidly converted to prostanoids (PGD 2 , PGF 2α PGE 2 , thromboxane A2, PGI 2 ) by specific isomerase enzymes [15, 16] . The specific isomerase that converts PGH 2 to PGE 2 is the microsomal prostaglandin E2 synthase-1 (mPGES-1), which is considered to be a novel anti-inflammatory therapeutic target [16] .
Since PGE 2 synthesis is not only dependent on COX, but also on PLA 2 and mPGES-1, we cannot rule out that VIC-2 exerts its inhibitory effect in these other two enzymatic steps. As PGE 2 is the most important eicosanoid involved during inflammatory states, the specific inhibition of mPGES-1 could be an interesting anti-inflammatory action mechanism of VIC-2.
Nevertheless, further experiments are necessary in order to confirm this hypothesis. As shown in Figure 2 (Panels B and C), 3,5-DCQ and 4,5-DCQ, but not 3,4,5-TCQ, at 5 and 10 μg/mL slightly inhibited the production of PGE 2 . However, as the doses increased, the inhibitory effect was reversed and all compounds stimulated PGE 2 production. In comparison, 3,5-DCQ caused a more prominent stimulatory effect than 4,5-DCQ at doses higher than 100 μg/mL. Interestingly, the same pattern of response was observed when these dicaffeoylquinic acids were evaluated in the acetic acidinduced mouse writhing test [7] . Our present data also show that the tri-substituted derivative 3,4,5-TCQ was not able to inhibit PGE 2 production by the U-937 cells (Figure 2, panel D) . This compound was also inactive in inhibiting the contortions in mice [7] , in which PGs play an important role in pain progress and are the target of action of commonly used anti-inflammatory drugs [17] [18] [19] . As for the TNF-α production, it is clear that VIC-2 did not modify the production of this inflammatory mediator (Figure 3, panel A) . On the other hand, the caffeoylquinic acids evoked a stimulatory effect on TNF-α production (3,5-DCQ, panel B; 4,5-DCQ, panel C; 3,4,5-TCQ, panel D). This pattern of response (higher doses leading to a stimulatory effect) is the same as that observed for the effect of these compounds on PGE 2 production. Some phenolic compounds have been reported in the literature to induce TNF-α synthesis. Resveratrol, a polyphenol present in red wine which has been regarded as an important factor to promote cardioprotective effects in moderate wine consumers, was shown to increase significantly basal TNF-α mRNA expression, as well as TNF-α protein expression in RAW 264.7 macrophages activated by LPS [20] . Other authors reported that lower concentrations of (+)-catechin, a monomeric flavonoid, cause inhibition of TNF-α production by LPS/INF-γactivated RAW 246.7 macrophages [21] . However, at higher concentrations, this flavonoid led to an increase in TNF-α levels. The same behavior was observed for other phenolic compounds, such as the flavonol myricetin, the isoflavones daidzein, daidzin and genistin and all the anthocyanins evaluated [21] . In particular, the anthocyanins pelargonidin, cyanidin, delphinidin, peonidin and malvidin induce significant TNF-α production in a dose-dependent manner [21] . Caffeoylquinic acids, among other polyphenols, including flavonoids, are widespread natural products, mostly found in fruits and vegetables, being part of the human diet [22] . Among the various biological activities presented by polyphenols, the antioxidant activity is the more prominent and it is frequently claimed to be responsible for protective effects against various pathological processes [23] [24] [25] . Reactive oxygen species (ROS) and other radicals generated by oxidative reactions are involved in mutation, carcinogenesis, aging and inflammation, being recognized for playing a dual role as either deleterious or beneficial in different species [26] . Some authors have discussed the pro-oxidant chemistry of natural antioxidants and the mechanisms involved in this process [27, 28] . Caffeoylquinic acids contain in their structures catecholic moieties (aromatic diols) that, due to the presence of two exchangeable hydrogen atoms, tend to be biologically reactive molecules capable of exhibiting both anti-and pro-oxidant behavior [28] . Therefore, we cannot exclude the possibility that, in our system, higher doses of 3,5-DCQ, 4,5-DCQ and 3,4,5-TCQ stimulate the production of the inflammatory mediators PGE 2 and TNF-α through the disruption of the redox state of the cells caused by an excess of antioxidants [27] . The work by Kimura and Okuda [29] , in agreement with the results presented here, reports that 3,5-DCQ and 4,5-DCQ stimulate PGE 2 production in PMN stimulated by calcium ionophore A 23187. The same authors suggest that caffeoylquinic acids, which are oxygen radical scavengers, are able to increase PGE 2 synthesis, probably by preventing the inactivation of the enzymes that convert AA to PGs [30] .
Both caffeoylquinic acids clearly inhibited the production of monocyte chemoattractant protein (MCP)-3 in comparison with control cells (4,5-DCQ, panel E; 3,4,5-TCQ, panel G). MCPs are members of a family of proinflammatory cytokines called chemokines [31] . Those cytokines have been shown to be important for fever induction, lymphopoiesis and maturation, having a key function in many different inflammatory processes [32] [33] [34] [35] [36] . In a review, Calixto et al. [11] stated that the identification of small molecule plant-derived compounds able to modify selectively the function and/or production of cytokines would constitute an important alternative to the treatment of inflammatory diseases.
Baicalin and baicalein, also phenolic compounds, significantly inhibited the binding of several chemokines, such as interleukin (IL)-8 and MCP-2, to human leukocytes and cells transfected with chemokine receptors [37] . Shikonin, a compound present in the Chinese herb Lithospermum erythrorhizon used against inflammation in traditional medicine [38] , appears to be a highly specific antagonist for the chemokine receptor-1 [39] . The polar extract of Paeonia suffruticosa was reported to inhibit, in a concentrationdependent manner, the secretion of IL-8 and MCP-1 induced by PMA in U-937 cells (approximate IC 50 value of 35 μg/mL) [40] . A report by Peluso et al. [41] demonstrates that 3,5-DCQ and 4,5-DCQ were able to inhibit monocytes migration in vitro. Based on the results presented here, one may suggest that the impaired migration of monocytes observed [41] could be due to the ability of 3,5-DCQ and 4,5-DCQ in reducing MCP-3 synthesis and/or release, and maybe other chemokines that were not evaluated in the present work. Finally, previous biomimetic studies of phase 1 metabolism of chlorogenic acid, 3,5-DCQ and 4,5-DCQ indicated that oxidation occurred of the quinic moiety. These results confirm the stability of the phenol portion and may support their importance for the biological activity [42, 43] .
The present findings add important information on the effects of plant polyphenols, namely vicenin-2, 3,5-di-O-E-caffeoylquinic acid, 4,5-di-O-E-caffeoylquinic acid and 3,4,5-tri-O-E-caffeoylquinic acid, on the production of inflammatory mediators by cultured cells. Additional experiments could provide important data on the relationship between these results and the in vivo effects of the aforementioned compounds, corroborating the beneficial pharmacological effects of fruit and vegetables from a healthy and balanced diet, and medicinal plants.
Experimental

Chemicals and supplies:
U-937 cell line (CRL-1593.2) was purchased from American Type Culture Collection. Phorbol myristate acetate (PMA), lipopolysaccharide from Gram-negative bacteria (LPS; E. coli, 0111:B4), 2,3-bis(2-methoxy-4-nitro-5-sulfophenyl)-2H-tetrazolium-5-carboxanilide inner salt (XTT), protease inhibitors cocktail and ethylenediaminetetraacetic acid sodium salt (EDTA) were all obtained from Sigma Chemical Company. 5-Methylphenazinium methyl sulfate (PMS) was purchased from Fluka Biochemika and RPMI1640 medium from Invitrogen-Gibco BRL. Fetal bovine serum (FBS) was purchased from Hyclone. Human PGE 2 , TNF-α and Monocyte chemoattractant proteins (MCP)-3 immunoassay kits were bought from R&D systems (cat. n° DEO100, DTA00C and DCC700, respectively). Immunoassay kits for the multiple detection of inflammatory mediators were purchased from Raybiotech, Inc. (human cytokine antibody array I; cat. n° H0108001Y). Lowry modified protein assay and polyvinylidene difluoride (PVDF) membranes were obtained from Pierce Biotechnology, Inc. Sodium dodecyl sulfate polyacrylamide gel for electrophoresis (SDS-PAGE) was bought from Bio-Rad Laboratories. Primary and secondary antibodies were purchased from Santa Cruz Biotechnology, Inc. ECL western blot detection buffer was obtained from Amersham Biosciences, and COX inhibitor screening assays from Cayman Chemical Co. 3,5-Di-O-E-caffeoylquinic acid (3,5-DCQ), 4,5-di-O-E-caffeoylquinic acid (4,5-DCQ), 3,4,5-tri-O-E-caffeoylquinic acid (3,4,5-TCQ) and 6,8di-C-β-glucosylapigenin (vicenin-2; VIC-2) were obtained as previously reported [7, 9] . The concentrations employed in the assays are specified in the figures.
Cell culture, differentiation and stimulation: U-937 cells were cultured in sterile bottles (Falcon) at 37°C, in 5% CO 2 in RPMI1640 containing 300 mg/L glutamine and 25 mM HEPES, supplemented with 2 g/L sodium bicarbonate and 10% FBS. Cells growing actively were distributed into 48-well plates (1.0 x 10 6 cells/mL, 0.5 mL/well) and cultured for 24 h at 37°C, in 5% CO 2 in the presence of 10 nM PMA for differentiation. Cells were then washed with culture media and treated with LPS (1 μg/mL) in either the presence or absence of different concentrations of polyphenols. LPS and polyphenols were all diluted in fresh culture media. Cells were cultured for another 24 h. The supernatants were collected and stored at -80°C for further assays.
Immunoassays for PGE 2 , TNF-α and MCP-3 quantification:
Samples (duplicates) were assayed using immunoassay kits for PGE 2 , TNF-α and MCP-3 according to the manufacturer's instructions. OD was measured on a plate reader at 405 nm for PGE 2 and 450 nm for TNF-α and MCP-3. The reference was set at 570 nm. Data were analyzed using plate reader software.
Immunoassays for detection and comparative analysis of inflammatory mediators:
The assays were performed using immunoassay kits for human cytokine antibody array according to the manufacturer's instructions.
These experiments allowed the simultaneous detection and also the comparative analysis of 23 inflammatory cytokines, chemokines and growth factors produced by polyphenol-treated and nontreated cells. U-937 cells were cultured into 48-well plates (1.0 x 10 6 /mL, 0.5 mL/well). Differentiated cells (as described above) were washed with culture media and treated with LPS (1 μg/mL) in either the presence or absence of polyphenols (VIC-2 at 300 μg/mL; 4,5-DCQ at 100 μg/mL or 3,4,5-TCQ at 50 μg/mL). Cells were cultured for another 24 h. Supernatants were collected and stored at -80°C until the assay. The assay consisted of incubating the supernatants with the membranes impregnated with 23 antibodies against IL-1α, IL-2, IL-3, IL-5, IL-6, IL-7, IL-8, IL-10, IL-13, IL-15, INF-γ, TNF-α, TNF-β, TGF-β, MCP-1, MCP-2, MCP-3, MIG, RANTES, GCSF, GM-GCSF, GRO and GRO-α. After the detection step, the membranes were exposed to X-Ray films and the intensities of the corresponding blots were visually compared between the groups.
Western blot analysis: U-937 cells were cultured as described above. Cells (1.0 x 10 6 cells/mL) were distributed into a 6-well plate, 5 mL/well, and cultured with PMA (10 nM) for 24 h. Cells were washed with culture media and treated with either culture media, LPS (1 μg/mL) or LPS plus VIC-2, 300 µg/mL. Cells were cultured for another 24 h. After this period, the supernatants were removed and the cells were gently transferred to conical tubes, being washed 3 times with 2.5 mL PBS. The protein extraction procedure consisted of the addition of 1 mL M-PER and 20 µL of protease inhibitor cocktail plus EDTA to the pellet cells. The tubes were vortex-shaken for 10 min and centrifuged for 15 min at 14000 rpm at 4°C. Protein quantification was performed using Lowry modified protein assay. Samples were then diluted 1:1 in loading buffer (3.8 mL twice distilled H 2 O, 0.5 M Tris-HCl, pH 6.8, 1.0 mL glycerol, 1.6 mL SDS 10%, 0.4 mL 2-mercaptoethanol, and 0.4 mL bromophenol blue 1%) and heated at 95°C for 5 min. After denaturation, 30 μg of each protein sample was loaded onto a 7% gel and the proteins were separated by sodium dodecylsulfate polyacrylamide gel electrophoresis (SDS-PAGE, 130 V) until the dye front reached the bottom of the gel. The proteins were transferred onto a PVDF membrane (62 mA, 4°C, O/N), which was washed 2 times with TBST (0.1 M Tris base pH 7.5, 0.1 M NaCl, 0.1% Tween-20) and then blocked with 3% nonfat milk in TBST for 60 min. After washing 2 times with TBST, the membranes were incubated with TBST solution containing either COX-2 primary antibody (goat polyclonal anti-COX-2 antibody; 1:2000) or β-actin primary antibody (rabbit polyclonal anti-β-actin antibody; 1:4000; loading control) for 12 h at 4°C. After 3 washing steps with TBST, the membranes were incubated with a TBST 1% solution of goat anti-goat secondary antibody (for COX-2; 1:2000) or goat anti-rabbit secondary antibody (for β-actin; 1:5000) for 2 h at room temperature. After washing 3 times with TBST, the detection procedure was performed by incubating the membranes with a chemiluminescence buffer (ECL western blot detector) for 1 min. Finally, the buffer was gently decanted, the membranes wrapped and exposed to X-ray films.
COX inhibitor screening assay:
This experiment was performed to evaluate the ability of VIC-2 in inhibiting COX-1 and COX-2 activities on prostaglandin (PGF 2α ) production. Kits were purchased from Cayman Chemical Co. (cat. n° 560131) and the assays were performed according to the manufacturer's instructions. The test is based on the measurement of PGF 2α produced by SnCl 2 reduction of COX-derived PGH 2 in samples with and without VIC-2 at different concentrations. Data were analyzed using Molecular Devices SoftMax Pro v. 3.1.2 plate reader software. PGF 2α standard curve: y = 116.9 -30.7x; R 2 = 0.991 (semi-log).
Statistical analysis:
The data presented are representative of two independent experiments and were analyzed for statistical significance by one-way analysis of variance followed by Dunnett's test. The minimum level of significance considered was P < 0.05.
